Abstract
Crowfoot (Ranunculus fluitans) and Pondweed (Potamogeton pectinatus) could not be discriminated 30 at 95% significance level. Spectral separability of these two species was also not possible without the 31 effect of an overlying water column. 32 Secondly, the possibility to improve species discrimination, using spatial and textural 33 information was investigated for the same SAV species. VHR image data was acquired with a Near 34 Infrared (NIR) sensitive DSLR camera from four different heights including a telescopic pole and a 35 Helikite UAS. The results show that shape and texture information can improve the detection of the 36 spectrally similar Pondweed and Water Crowfoot from VHR image data. The best performing feature 37 'length/width ratio of sub-objects' was obtained through expert knowledge. All of the shape and 38 texture based features performed better at species differentiation than the spectrally based features. 39 In conclusion this study has shown that there is considerable potential for the combination of 40 VHR data and OBIA to map SAV in shallow stream environments, which can benefit species 41 monitoring and management. 42 43 useful for the detection of variation in vegetation cover, the absorption characteristics of water limit 66 its use for SAV. As a result of both absorption by water and scattering by particles, light is attenuated 67 with distance travelled through the water column. In the optical range of the electromagnetic spectrum 68 NIR is more strongly absorbed by water than the visible wavelengths (VIS). NIR can therefore only 69 be used in image data of very shallow aquatic environments (< ~1m) to provide any information about 70 bottom features. It also means that in sufficiently shallow aquatic environments variation in recorded 71 NIR reflectance does not only reflect variation in vegetation types or condition, but also variation in (Breiman et al., 1984) to select the most suitable bands for species discrimination.
145
A trained observer will be able to distinguish between Pondweed and Water Crowfoot by The GER1500 was held at nadir 50cm above the water surface or canvas. The instrument has a 3° 185 field of view so the area measured on the target has a 2.6 -4.0cm diameter (depending on 186 submergence depth), which is assumed sufficient to obtain representative spectral information from smaller patches (± 25cm diameter). 'Shape' and 'compactness' parameters were chosen as 0.5 and 289 0.1, since at this level object delineation should be determined by both shape and spectral 290 characteristics of the data, while the shape of the objects should be able to take on any form (i.e. low 291 compactness). Next the image objects at this first level were sub-segmented at a second level to obtain 292 objects that delineated the more detailed structure of the plants. The same image bands were used at 293 this level, but a scale parameter of 20 and shape and compactness parameters of 0.9 and 0 were 294 chosen. The latter two parameters indicate that object delineation was mostly determined by its shape 295 and could take on any form. For all images these segmentation settings resulted in the creation of 
Results

341
Spectral species discrimination 342 Table 1 shows a summary of the sample numbers and depth ranges measured for each of the and Crowfoot data only are also included. Best performing band combinations are highlighted. Table   372 3 shows the same information for the vegetation spectra measured on canvas. The J-M distance 373 analysis results show that despite the significant difference between species for individual 374 wavelengths in the ANOVA analysis, actual separability of the species is not necessarily possible. Table 4 shows the total number of objects for 389 each of the two species available for analysis. Table 5 shows the significance levels of the Mann- 
Discussion and implications
403
Spectral species discrimination 404 The results showed that water depth will be a limiting factor for the classification of species 405 from remote sensing images. Spiked Water Milfoil was indicated as spectrally distinct from the other 406 species across the observed range of water depths with ANOVA analysis, but this was not confirmed 407 by Jeffries-Matusita distance analysis. In particular Water Crowfoot and Pondweed could not be 408 discriminated at 95% significance level. J-M distance analysis values confirmed these observations. 409 The latter two species are spectrally so similar that they could not be discriminated without the effect 410 of an overlying water column either. 
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The first attempt to use an UAS to collect remote sensing data for submerged macrophyte 490 monitoring was not overly successful. This was to a large extent due to the type of UAS and multi-491 spectral sensor used. Due to a combination of camera weight, wind conditions, presence of 492 surrounding vegetation, people and telegraph lines it was impossible to achieve elevations higher than 
